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TRAILING-- &UPS, AND AILERONS 

By Stanley Lipson  and U. Reed Barnett, Jr. 

I In order t o  help  evaluate  the general. va l id i ty  of the semispan 
wing tes t ing  technique in  the  Iangley  full-scale  tunnel, an investiga- 
t ion was conducted t o  compare the  characterist ics of a fill-span and a 
semispan highly swept wing. Wing surface  pressure and force measure- 
ments were obtained on a semispan model of a 47.5' sweptback w i n g  for  
which full-span data were available. The wing had  symmetrical  biconvex 

taper   ra t io  of 0.5, and no geometric  dihedral or twist. The configura- 
tions investigated  included  the  basic w i n g ,  the wing with a drooped- 
nose f lap  and a trailing-edge  flap  deflected  both  alone and i n  combfna- 
tion, and the basic w i n g  with a  deflected  aileron. The data were 
obtained a t  a Reynolds nwnber of 4.2 x 10 6 and a  mch number of 0.07. 

a i r fo i l   sec t ions  10 percent thick and had an aspect  ratio of 3.5, a 

& 

The results indicate  close agreement between the full-span- and 
semispan-wing data and demonstrate the  acceptability of the semispan 
method of t es t lng  for wings similar t o  the one investigated.  Slightly 
higher maximum lift coefficients a t  a higher angle of at tack and a more 
negative  pitching  tendency over a large part of the lift range were 
observed for  the semispan wing. These differences  in  the wing charac- 
t e r i s t i c s  are believed  to be due t o  a 106s of l i f t  near the r o o t  of the 
semispan wing and to a shift of the leadingedge  separation-vortex 
origin from the wing apex caused by the  interference of the  reflection- 
plane boundary layer. 

INTRODUCTION 
A 

c An evaluation of the  future uing research program o f  the Langley 
fill-scale  tunnel  indicated that, f o r  many of the planned wing 

UNCLASSIFIEr 
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configurations, it would be advantageous t o  use a semispan tes t ing 
arrangement. The semispan system permits the dse of larger models; 
thua,  the  available Reynolds number range is increased. In addition 
the semispan system fac i l i t a t e s  the use of special  equipment required 
for  varlous  types of boundary-layer control  applications. 

2- . .  
" 
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Previous  investigations t o  determine  the  correlation between f u l l -  
span and semispan w i n g  tests have been conducted and are reported i n  
references 1, 2, and 3. In order  to  obtain  information on a more highly 
swept  wing than  those  previously  investigated and, in  addition, t o  
determine the  adeqwcy of the  reflection-plane arrangement in   the 
Langley full-scale  tunnel,  tests were conducted on a  wing panel of 8 
47.5O sweptback wing. This wing has been extensively  tested  in the 
full-span  configuration  in  the Langley full-scale  tunnel  (references 4, 
5 ,  and 6). The investigation was conducted at a Reynolds number o f  
4.2 x 10' and a Mach  number of 0.07. The aerodynamic force md moment 
characterist ics and the wing surface-pressure  distribution were obtained 
over a large  angle-of-attack  range. The longitudinal  characteristics 
of the  basic wing and the wing wfth drooped-nose and plain  t ra i l ing-  
edge flaps were investigated and, in  addition,  the rolling-moment char- 
acter is t ics   for   the  basic  wing with a 0.50 semispan aileron  deflected 
were also obtained. 

" .  .. 

COEFFICIENTS AND SYMBOLS 
I 

The test data  are  presented as standard NACA coefficients of forces- 
.I 

and moments. The data are  referred t o  a se t . o f  axes coinciding  with 
the wind axes, and the  origin i s  located a t  the  quarter-chord point of 
the mean aerodynamic chord. L i f t ,  drag, and pitching moment represent 
fill-span values or  twice semispan values. 

.. 
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Force  coef ficienta : 

CL . lift coefficient (9 
cI.max maximum lift coefficient 

CD drag  coefficient (5) 
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c, pitching-moment coefficient about the 
I point of the mean aerodynamic chord 

C 
2U 

c Z  

C 
’a 

uncorrected measured in semi- 
span wing t e s t s  

corrected rolling-moment coefficient, measured in f u l l -  
span t e s t s  and for  semispan t e s t s  t l  = C2, - 2 K z J  

corrected rolling-moment coefficient due t o  aileron 
deflection 

one-half  rolling-moment-coefficient  correction due t o  
reflection  plane 

Pressure  coefficients: 

CLf 

‘n 

approximate lift coefficient ([ czl& d ( i )  

pitching-moment coefficient  about the quarter-chord 
point of the mean aerodynamic chord 

section normal-force coefficient (so’ pr 4 )  
C 

‘1; cav 
- basic  load  coefficient,  local w i n g  loading at  zero l i f t  

. 
C c 1  - additional load coefficient 

.I La Cav 
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Symbols : 

X' 

P 

q 

20 

_s,  
c .p. 

X 

Y 

b 

C 

C '  

- 
C 

'av 

S 

'a 

ack 

-. 

pressure  coefficient 

longitudinal  distance 
quarter -chord point 
fee t  

from local  center of  pressure t o  
of the mean aerodynamic chord, 

local  static  'pressure,  pounds per square  foot 

local dynamic pressure, pounds per square  foot 

free-stream static  pressure,  pounds per square  foot 

free-stream dynamic pressure, pounds per  square  foot 

chordwise section  center of  pressure,  percent chord 

spanwise coordinate  perpendicular t o  plane o f  symmetry, 
feet  

" 

wing span, feet 

local  chord measured para l le l  t o  plane  of symmetry, feet  
. .  . . "" - -  

local  chora measured perpendicular t o  l ine  of m a x i m u m  
thickness ( 0 . 5 0 ~  ) , feet 

mean aerodynamic chord, feet (if2 c..) 
average  chord, feet (S/b) 

wing area,  (twice  area of  semispan w i n g )  square feet  

angle of attack,  degrees - 
" 

angle of attack  for wfng maximum liFt coefficient, 
degrees 
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Vmax angle  of  attack  for  section maxim l i f t  coefficient, 
degrees 

6, . _aileron-deflection  angle, degrees 

ReflectLon  Plane 

The reflection  plane as installed in the Langley full-scale tunnel 
is shown in figure 1. The plane is  52 feet long and 42.5 feet wide. 
The surface  of the plane is smooth and is leveled t o  a tolerance of 
5L/16 inch. The vertical   location of the plane is about 18 inches 
above the lower l i p  of  the wind-tunnel  entrance cone and  projects 
approximately 2.5 feet upstream  of the  entrance cone l i p .  The leading 
edge of the reflection  plane is  semicircular in cross  section. 

A 14-foot-diameter  turntable  rotates with the semispan wing models 
during  angle-of-attack changes and the center of the  turntable is on 
the  tunnel's  longitudinal axis, 19.5 feet from the  leading  edge. 6f the 
reflection  plane. This location  places  the semispan models in approxi- 
mately the same longitudinal  tunnel  location as that a t  which the full- 
span models are tested. The general arrangement for  the semispan wing 
tests is i l l u s t r a t ed  by figure 2. 

When force  data  are  being  obtained, the semispan model is  completely 
independent of  the force  acting u-gon the  turntable. Various  types  of 
seals were tested for  use a t  the  cut-out  in the turntable  through which 
the semispan w i n g  projects.  The configuration  adopted  consisted of a 
s t r i p  of fe l t  glued to   the  surface of the wing and a soft rubber s t r ip ,  
which was attached to the  turntable and "feathered"  against  the felt.  
Flow surveys indicated that t h i s   s e a l  minimized the flow 1eakage.through 
the  turntable  cut-out and force measurements  showed that the seal had 
only a negligible  effect. 

Mode 1 

The wing vas swept back 47.5' at  the leading edge and had an aspct 
r a t i o  of 3.5, a taper r a t i o  of 0.5, and no geometric dihedral or twist. 
The airfoil   section  perpendicular  to  the 0 .50~ '  l i ne  was a 0.lOc'-thick 
symmetrical circular-arc  section.  Figure 3 shows the wing plan form and 
presents some of the more pertinent dimensions. A detailed  description 

m of the w i n g  construction is given . i n  reference 4. 
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The flaps, which are described  fully  in  reference 5 ,  were 0.20~' 
plain.   f laps.  WheCthe flaps, which are hinged at  the lower surface, 
were deflected,  the  resulting gaps on the.upper wing surface were 
covered  and faired by means of sheet-metal  seals. The flap-deflection 
angles were  measured perpendicular to   the hinge l ine .  The aileron con- 
figuration .employed consisted of deflecting  the  outboard 0.5& section 

of the  trailing-edge  flap.. 
2 

Flush  surface-  skatic-pressGre  orifices were instal led in the w-bg 
in  chordwise rows (streanivise  direction) a t  5,  10, 20, 40, 60, and 
80 percent Of the wing semispan, The general arrangement of the  ori-  
f i ce s  on the wing and their  chordwise locations  are  presented in fig- 
ure 4. 

Flow Conditions 

In order  to determine the f l a i  conditions a t  and d i rec t ly  above 
the  surface of the  reflection plane, t u f t  arid pressure  surveys were con- 
ducted. The wool-strand t u f t s  were attached  both  to  the  surface  of  the 
plane  and t o  masts to  give,a  rapid  visualization of the  reflection- 
plane flow conditions.  Velocity  distributions in the boundary layer 
were obtained by means  of rakes, which are sham mounted on the reflec- 
tion  plane in figure 2., The data 0btaine.d in   the  boundary-layer  surveys 
a t  the two stations most representative of  the semispan wing location 
are  presented in figure 5 and  agree. qualitatively with  the  results of 
the   tu f t  surveys, which showed  no indication of local  separation on the 
ref lect ion plane in  the  area of interest  around the model location. 
Although the boundary-layer total   th ickness   a t   the   s ta t ion 19.5 fee t  
behind the  leading edge of  the  reflection plane (the  location  of--the 
center of the  turntable) is appreciable,  approximately 5.5 inches, it 
represents only s l igh t ly  more than 3 percent of the  14.3-foot span of  
the semispan model. In  reference 1 a boundary-layer total  thickness of  
approximately 5 percent of the wing semispan was found acceptable  for 
most tes t  conditions of a bo sweptback w i n g .  Data presented in refer- 
ence 1 a l s o  shared, however, that, far certain  "sensitive"  flapped con- 
figurations  the wing characterist ics m y  be severely  altered because of 
the  effects of t h i s  boundary-layer  condition on the flow a t  the inbmrd 
section of the wing. . 

. . . . . . . 

The results  obtained  with a former reflection-plane arrangement i n  
the Langley full-scale  tunnel  are  reported i n  reference 3 ,  The boundary- 
layer  total  thickness due t o  that reflection-plane  installation  also w m  
about 5 inches a t   t h e  model location whereas, above that height,  the 
tunnel dynamic-pressure distribution  varied a maximum of 0.012qo and 
-0.ol8qO from the mean value. From that very complete dynamic-pressure 
survey  and from recent tunnel-flow measurements with  the  present 
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reflection  plane installed, it is believed that, above the boundary- 
layer  thickness,  the  variation i n  stream dynamic pressure  obtained 
along the span of  the semispan models is no greater than  that   existing 
for   the full-span wings tested in the normal horizontal position. 

TESTS AND CORFECTIONS 

Tests 

The semispan results  reported  herein were obtained on separate 
w i n g  panels  since  the  angle-of-attack  drive system for  tbe semispan 

L balance-testing arrangement was designed fo r  left  w i n g  panels, and only 
the right wing panel  of  the 47.5' sweptback wing was equlpped with orf- 
fice  tubes;  thus a separate  setup was required. 

Pressure tests.- The semispan-wing surface-pressure  investigation 
included  five  configurations : (1) basic w i n g ;  (2) wing with 1 .d 

2 
drooped-nose flap deflected 40°; (3) w i n g  w i t h  0.5& trailing-edge  flap 

deflected 40'; (4) combination of configurations (2) and. (3)  ; and 
(5) basic wing with the 0.59 aileron  deflected 19.60. These 'configura- 

t ions and the  angle-of-attack range were chosen so as to  duplicate  those 
of the previous fuu-span wing investigation. 

2 

n 

il Force tes ts . -  The force measurements on the semispan wing were 
obtained  over an angle-of-attack range of approxfmately -9 t o  31° and 
covered five configurations  for which  comparative full-span  force data 
were available: (1) basic wing; (2) wing with 1 .O& drooped-nose f h p  

deflected 30'; (3) wing with . l .O& trailing-edge. flap  deflected b o ;  
2 

(4) combination o f  configurations (2). and (3) ;  and ( 5 )  basic w b g  with 
the 0.5& aileron deflected. 

2 

2 
I- 

The pressure and force data were obtained a t  8 Reynolds number of 
4.2 x 10 and a t  8 Mach  number of 0.07. 6 

b t h o d  of Corrections 

- The Jet-boundary corrections  applied t o  the data were computed by 
the method discussed i n  reference 7. The induced downwash ef fec ts  

the  jet-boundary  induced velocit ies normal to   the w i n g .  The -theoretical  
4 along  the span of the wing  were determined from chart  contours  giving 



basis  for the charts is discussed f'ulLy i n  reference 8 which, in  
addition,  i l lustrates one of the charts used f o r  the damwash calcula- 
t ions  in the Langley full-scale  tunnel. 

Reference 7 .points  out that the complete.angle-of-attack correction 
(jet-boundary plus stream curvature) is equivalent t o   t he  induced down- 
wash angle along  the  three-quarter-chord  line. 

& = -l.g&L(FulL-span wing) 

AX = -0 .64cL( Semispan wing) 

The.correction  to the drag cmff ic ien t  i s  based on the tunnel- 
induced damwash a t  the  quarter-chord  line. 

LCD = -0 .oog38cL2( Semispan w i n g )  

The tunnel-induced increment i n  pitching moIlBent is produced by two 
induced lift effects :  first, the lift' increment a t  the quarter-chord 
line of the wing result ing from the induced damwash-; secondly, as more 
3'ully discussed i n  reference 7, the lift increment due t o  the induced 
camber effect ,  a resu l t  of the angular  differential  between the induced 
damwash angles a t  the quarter- and three-quarter-chord lines. 

A l l  corrections are added t o   t he  uncorrected  data. The data 
presented herein have also been corrected for the effects  of blockage, 
stream angle, and for the   s t rut  tares of the full-span wing t e s t s .  

The correction  to be applied to   the  rol l ing moment I s  composed of 
"To parts: the effect of the image wing on the span-load distribution 
and the change in  the jet-boundary  corrections  resulting from the 
deflection .of the  aileron. 

The semispan-wing rolling-moment coefficients due to   a i le ron  
deflection were modified for  the  reflection-loading  effect by the methods 
discussed Fn reference 9.  The correction  factor to  be applied t o  the 

measured rolling-moment coefficients  for the semispan wing 1 t 2 
= I  

c z  

. .  

. _ -  

". .. 

fi. . 
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W E 6  obtained from unpublished charts based on the modified Welssinger 
method presented in reference 10. Computations of the roll€ng-moment- 

deflecting  the  aileron were made for  the  largest   ai leron  deflection. 
As the resultant  incremnt was small in relationship t o  the  rolling- 
moment coefficient due to-the  aileron  deflection, no calculations were 
performed for  the  other  deflection angles, nor was the computed incre- 
ment for  the  largest  deflection  angle  applied  to  the  data. 

4 coefficient  correction due to   the jet-boundary effects  induced.by 

PRESENTATION OF DAW 

me resu l t s  of the tests are presented  as  discussions of lift, 
drag,  pitching-mment, and  rolling-moment character is t ics .  In order t o  
faci l i ta te   the  analysfs  and discussion of  the liFt and p%tchfng-rnament 
characterist ics,  chordwise pressure-distribution  plots  are given 
(figs. 6 t o  9) t o  show comparative full-epan and  semispan pressure 
d ls t r ibu t ions   a t  approximately  equal  angles of attack. 

The lift data obtained from the presaure tests are  presented in 
figures 10 t o  18 and the l i f t   c o e f f i c i e n t s  from the force data are  
sham in figure 19. The drag  coefficients  are  derived from the  force 
data o n l y  and are -aUo given i n  figure 19. The pitching-moment data 
obtained from the  pressure measurements are  presented in figures 10 
and 15 and from the  force data in figure 20. The location of the spas- 
wise wing center of pressures, from both  pressure  and force data is 
given in figure 21, and the variation of  dCddCL with lift coefficient 
in figure 22. Data for  the aileron deflected  configuration  derived from 
the force measurements are  presented  in  figure 23 and  those  derived from 
the pressure data are  given in figures 24 and 25. Figure 26 compares 
the spanwise center of pressure computed  from both  the  force and 
pressure  data  for  the wing with  the aileron deflected 19.6'. 

DISCUSSION 

A prelfminary analysis of the data.indicates  the strong influence 
of  the  leadingedge  separation  vortex.on  the comparison of the semi- 

- span and full-span wing characteri8tics.  (For a detailed  description' of 
the  characterist ics and the  effects of the  vortex flow over the full- 
span w i n g ,  see  reference 6.) As the presence and strength. of the  vortex 
are  dependent upon many variables such as angle of sweep,  wing thick- 
ness, and  leading-eilge configuration, it is not .considered  advisable t o  

all-inclusive  correlation between full-span- and semispan-wing resu l t s .  
-I use the  malysis  of one w i n g  plan form as a basis f o r  determining any 

J 



The results  discussed, however, are  believed  to be of value t o  demon- 
strate, a t   l a rge   sca le ,  the change in  comprative wing characterist ics 
between full-span- and. semispan-wing tests when separation-vortex-tye 
wing flow is present. .. . - 

A 

.~ 
L 

L i f t  Characteristics 

The lift characterist ics ( f ig .  19) show close agreement between 
the full-span- and semispan-wing dab throughout the angle-of-attack 
range for all configurations  teated. The data, however, ahow slightly 
higher values of C & ad ac for the semispan wing than  for 

the full-span wing for a l l   c o n f i ~ a t i o n s ,  Below ' C h  and especially 
hax 

in the moderate CL range, the semispan wing had lower values of CL, 
about 0.03, than did the full-span w i n g .  The .same effect  is indicated 
by the pressure data for the basic wing configuration  (fig. 15). Com- 
parable resu l t s  were also. obtained-in a similar investigation comparing 
the  characterist ics  of a full span and semispan 4-00 sweptback wing 
(reference 1) 

- ~~ 

Although the agreement in lift values  for  the full-span and semi- 
span w i n g s  is  comparatively  close, it is believed t o  be of general 
interest   to  discuss  the flow changes that c a u ~ e   t h e  small differences 
in  the lif% c h r a c t e r i s t i c s  but that effect even larger  differences i n  
the pitching-moment characteristics. Figure 14 shows a loss in addi- 
t ional  loading a t  the inboard stations of the semispan wing which 
continues to  increase with increasing a in cont ras t   to  the effect  of 
a on the additional  loading comparison for  the outboard  sections of 
the wing. This decrease i n  lift effectiveness a t  the  stations  inboard 
of 0.19 is believed t o  be an effect  characterist ic  of  the  results 

obtained  with semispan wings  mounted on reflection  planes.  Previous 
t e s t s  of a moderately sweptback wing tested semispan and full  span 
(reference 2) also showed a loss  in  the  additional-load parameter f o r  
the semispan wing over  the  inboard 10 percent  of.the wing semispan. 
Simflar resu l t s  have been obtained with unswept semispan wings, as - 

indicated by reference 3. 

A study of the chordwise pressure  distributions  for the basic wing 
(fig.  6) reveals that the "hump" in the chordwise pressure distributions, 
which characterizes the vortex-type flaw, is usually broader and 
s l igh t ly  farther rearward for the flill-span wing. This change i n  flow 
characterist ics is believed t o  be due t o  a shift  of  the vortex  origin " 

outboard from the wing apex caused by  the  interference of the  reflection- 
plane boundary layer. During,the  investigation  reported in  reference 1, 
indications were obtained of a flow change due t o  the tunnel-wall 

-. 



f l  boundary layer (semispan model Tsas cantilevered  through  the  tunnel wall) 
which resulted in a delay in the separation of  the flow from the root - of the semispan wing. 

Observations of wool-strand t u f t s  attached t o  the upper surface of 
the full-span and  semispan wing also  indicated  this  shift in the vortex 
origin. The flow effects  of the  separation  vortex on the semispan 
wing  were markedly similar t o  those  observed for  the full-span w i n g  but  
consistently  occurred at higher  angles of attack. The t u f t  surveys 
indicated that, at  the same angle of attack,  the  origin of the  leading- 
edge spanwise flow wa6 always more outboard for the semispan w i n g  than 
for  the  full-span wing.  This flow difference was noted until  the  angle 
of at tack for maXimum lift was reached. 

The resu l t  of this more outboard  location of the vortex  origin is  
effect ively  to   delay  the development of the  vortex a t  any s ta t ion  on 
the semispan wing and thus  give  a  higher OL as  compared with  the 

value  obtained a t   t h e  corresponding s ta t ion  on the  full-span w b g .  A t  
the  three most  outboard s ta t ions 0.40, 0.60, and 0.80- ln the angle- 

of-attack range below a the result of delaylng the vortex 

formation i s  a smaller increase fn section lift coefficient f o r  the 
semispan wing ( f ig .  10) . %st ,-, however, the  section lift 

C2" 

( "> 2 
c2'max'- 

F character is t ics   for   the seniispan wing at the 0 .kg and 0.60; stations 

exhibit a marked increase in effectiveness over the results obtained 
II for the fta-span wing. 

I 

It appears, then, that in the-moderate  angle-oflattack range the 
loss of  lift near  the wing root ,  due t o  reflectfon  plane  effects, and 
the loss of l i f t ' due   t o   t he   l e s s   e f f ec t ive  vortex ac t ion   a t   the  out- 
board stations which a re  a t  an angle of attack below a, combine 

t o  lower the total lift of the semispan wing a6  compared with  the full- 
span configuration. When the w i n g  angle  of  attack is increased to  a 
value  greater  than  the a for a large par t  of the wing, then the 

previously  discussed  increased  effectiveness  of the semispan-wing chord- 
wise sections  operating beyond a ten& t o  counteract  the 

aforementioned lift losses. Finally, a t  the higher angles  of  attack 
the total lift of the semispan w i n g  exceeds that measured fo r  the full- 

z l m a x  

CZ" 

C 2 1 -  

span w i n g .  

With the di-ooped-nose f lap  def lected  ( f ig .   lg(b))  the w i n g  l i f t  
curve is essent ia l ly   l inear  between a = 7 O  and a = 180 and shows no 

3 



indication o f  the  presence of the  vortex-type flow. In this a range 
there is an  appreciable  increase  in CL far  the  full-span wing over 
that  obtained  with  the semispan wing  which is probably due, as pre- 
viously d.iscussed, t o   t he  inboard loss of lift resulting from the 
reflection-plane  effects. A t  an  angle of attack of approximately LBO, 

however, both  the  section lift curves for  the  outer wing aections 
( f ig .  1 1 )  and the wing l i f t  curve (f ig .   lg(b)  ) indicate that the vortex 
has appgared on the wing upper surface. For angles  of  attack  greater 
than 18 , the comparative l i f t   cha rac t e r i s t i c s  of the semispan and f u l l -  
span wings, with-the drooped-nose flap  deflected, resemble the results 
obtained from the  basic w i n g  tests i n  that the flgw effects  due to   t he  
outboard shift i n  the- origin of the vortex on the semispan wing compen- 
sate for  the inboard loss of lift. 

With the.  trailing-edge  flap  deflected, a compriscm  of  the  pressure- " 

data l i f t  i a l u e s  CL' for -the f u U - s p n  and  semispan wings ( f ig ,  17) 
does not show the  close agreement obtained from the comparison of the 
fo rceda ta  lift coeff ic ients   ( f ig .   lg(c)) .  This disagreement can be , 

traced  to  the  increased  section lift coefficients  indicated by the 
pressure data at  sections o .I& and o .& ( f ig .  12) f o r  the semispan 

2 2 
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wing with  the semispan trailing-edge  flap  deflected. The reason  for 
this  increased  effectiveness is not  evident from the  available  data. 

. .  
. .  

- 

For the wFng with  both  the full-span drooped-nose flap and the 
. " .. 

trailing-edge  flap  deflected,  the lift resul ts  measured for  the full- % 

span and semispan.winga compare i n  a manner very similar t o  that 
obtained  with  the drooped-nose flap  deflected  alone. The -pressure data 
for  this  configuration, when compared either  as  section o r  wing l i f t  
coefficients, show that there is good agreement between the semispan 
and full-span wing resu l t s .  ". - 

. -  
. x  

- c - -  

.- 

Drag Charafieristics 

The drag  coefficient  data  obtained  with the semispan wing is, in 
general, i n  goad agreement with  the full-span wing resul t8   ( f ig .  .19) 
With the dxooped-njse f lab  hefleited alone, however, the drag coeffi- ' 
cients measured for  the semispan wing i n  the moderate l i f t -coeff ic ient  
range are  greater by about CD = 0.004 than  those  obtained  with the 
full-span wing at comparable lift coefficients. This disagreement i n  
the moderate CL range may be due t o  a  change in  the flow a t  the wing 
tip caused by the  difference of 0.7' in angle of attack between t h e .  ' 

two wing configurations when the comparison is based on constant lLft 
coefficient. (See f ig .  lg(b)  .) 

. .. . 
.. " 

.. - 

. .  

" 



D h i n g  the aemispan-wing investigation  the  sheet-metal  fairing 
used at   the  juncture of the deflected  trailing-edge flap with  the wing 
upper surface at the f lap  hinge line-was somewhat smoother than that 

.employed during  the full-span wing tests (reference 5) .  This differ-  
ence i n  fairings m y  be the 8ouTce of  the s l ight ly  lower drag  coeffi- 
cients shown for  the semispan wing i n   t he  low l i f t -coeff ic ient  range fo r  
the tests with the  trailing-edge  flap  deflected  (figs. 19( c)  and 19( d) ) . . 

The comparative pitching-moment characterist ics of the full-span 
and semispan wings, as  obtained from force  data,  are  presented  in  fig- 
ure 20. In the low and moderate lift range the semispan wing pitching- 

f- moment coefficients  are  consistently more negative  than  those measured 
for  the full-span wing. This negative trim s h i f t  was also  obtained 
i n  the semispan t e s t s  of references 1 and 3. 

For the  tests  reported  herein,  with  flaps  undeflected o r  with  the 
full-span  trailing-edge  flaps  deflected  alone, this negative increment 
i n  pitching-moment coefficient  increased a8 lift coefficient  increased 
up t o  the l i f t -coef f ic ien t  value a t  which the pitching-moment curves 
break  unstable. With the drooped-nose flap  deflected, however, the  
pitching-moment-coefficient difference between the  full-span and semispan 
wing t e s t s  decreases with increasing lift coefficient. A comparison  of 
,the semispan- and fill-span-wing pitching-moment data of  reference 1 
showed a similar.  effect wben an  extensible  leading-edge  flap was deflected. 

The cdange i n  flow conditions that produces the  difference between 
the longi tudinal   s tabi l i ty  of the f i l l - s p n  and semispan wings i s  not 
t oo  evident from the wing-surface pressure data. Since the basic wing 
chordwise loadings show pract ical ly  no chordwise shift in   local   center  

appear. that  the  negative & s h i f t  obtained in   t he  aemispan-wing t e s t s  
i n  the low and moderate CL range i s  due almost en t i re ly  t o  an out- 
board movement i n  the wing center of pressure. The probable  reason f o r  
this  center-of-pressure  shift   is  the aforementioned characterist ic 
reduction in lift near the wing root  f o r  semispan wings mounted on 
reflection  planee. Reference 2, however, shows not only a 1068 i n   l i f t  
inboard  for  the semispan wing but  also a large rearward shift, further 
contributing t o  a more negative  pitching mogent, in   the  chordwfee 
center of pressure a t  a s ta t ion O.Olri;b outboard from the wing root.  

,Integrations Crp the semispan-wing spanwise loadings  obtained from the 
pressure data, even when modified for the assumption that the  root 

indicate a more inboard wing center of pressure  than  that measured 
during  the fill-span wing pressure-distribution  tests  (f ig.  21). The 

- of pressure between the full-span and semispan wing t e s t s ,  it would 

T 

- section  carried no load  because of  the  reflection-plane boundary layer 
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spanwise position of the wing center of pressure.as determined from the 
semispan force data, however, reveals a far more outboard  location  than 
that indicated by the pressure tests. This discrepancy &tween the 
semispan wing force and pressure  results may be due t o  an  Insufficient 
number of chordwise  pressure-measuring stations  along  the epan. 

The variation of dc,/dC, with l i f t  coefficient i s  presented i n  
figure 22 and, .as shown, the  curves  for  the fill-span- and semispan- 

tests agree f a i r l y  well as  to  the  general  magnitudes of  the 
dC, dCL values  and t o   t h e  lift coefficients where the s t a b i l i t y  changes 
occur. As indicated from the  variation of  C, with CL., the agreement 
of the dG/dCL . curves are improved with  the  deflection of the full- 
span drooped-nose flap. 

wi7 

Rolling-moment characterist ics.  - A comparison of the full-span- 
and semispan-wing rolling-moment coefficients due to  aileron  deflection 
is presented fn figure 23. . Although the  excellent agreement shown in  
figure 23 for  the  basic wing might apgear to be fortuitous, because  of .. 

the  differen-ce-in the flow characterist ics which ex is t s  between the 
full-span and semispan wings, the magnitude of  the change in the ro l l ing-  
moment coefficients that might be at t r ibutable  t o  this flow difference 
would probably be small enough as t o  be masked  by the  s l ight   scat ter  of 
the C2 data .  

The results of the wing surface  pressure  measuremnts  obtained on 
the semispan wing with  the  aileron  deflected 19.60 are  presented  in 
figures 24, e, and 26. It should be noted that these  pressure data, 
as well as the spanwise center-of-pressure measurements obtained from 
the  force  results  (f ig. .  26) ,  contain the additional loading increment 
contributed by the  reflected  aileron  deflection. 

The effect  of  the aileron on the loading over the  inboard part of 
the wing is significant  but does not  appear t o  vary  consistently  with 
a  change i n  angle of a t tack  ( f ig .  24) . The .outboard stations  indicate 
a decrease in  effectiveness a t  the  higher  angles  of  attack  but  continue 
to show a sizeable lift Fncrenaent  due to   a i leron  def lect ion a t  the 
highest  test  angle .of attack (21.20). The span-loading  curves ( f ig .  29) 
show that the  characteristic  type  of loading for a wing with a deflected 
flap-type-control  surface was obtained a t   t h e  lower angles of attack b u t  
the shape of the  loading curve  changes significantly between values of 
a of 9 .bo and 15.30 The principal cause  of t h i s  change i n  loading is 
the loss of  lift over the outboard section of the basic wing i n  the 
higher a, range (See section on "Lift Characteristics. ") rather  than 
the reduction in  the  section-lif t  increment  induced by the  aileron 
( f ig .  24). 

.. 
?. 

. ". 

r; 

I 
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The change in span loading at  the  higher values of a is, of 
course, ref lected  in  the movement inboard of the spanwise center of 

pressure  as determined from the  force and pressure rneasurements.compare 
exceptionally  well. This excellent agreement is in direct  contrast  
with the  results obtained in  a similar comparison for the basic wing 

- pressure which i s  presented in figure '  26. The spanwise centers of 

tests (Pig.  a). 

An investigation has been  conducted in which wing surface  pressure 
measurements and force data were obtained from comparative fuIJ-span 
and semispan t e s t s  of a wing havhg 47.5' of sweepback at   the   leading 
edge and an aspect r a t i o  of 3.5. The results indicate  close agreement 
between the full-sgan- and semispan-wing data and demonstrate the 
acceptabili ty of the semispan lnethcd of tedting  for wings similar t o  
the one investigtiteil.  Siightiy higher maximum lift coeff ic ients   a t  a 
higher angle of attack and a more negative pitching tendency over a 
large  part  of the lift range were observed fo r  the semispan wing. These 
differences in the w i n g  characteristics  are  believed t o  be due t o  a loss 
of l i f t  near the root of the semispan wing and t o  a shift of  the leading- 
edge separation-vortex  origin from the w i n g  apex caused by the inter-  
ference of the  reflection-plane boundary layer. 

* 

Langley Aeronautical  Laboratory 
d National  Advisory Committee for  Aeronautics 

Langley Field, Va. 
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Figure 1.- The reflection plane installed In  the Langley full-male tunnel. 
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Flgure 2.- The semispan 47.5' sweptback wing mounted on the ref lect ion 
plane. 
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Flgure 3 .- PLan form of 47.5' aweptbck wlng. A l l  dlmeneions ere given 
in inchee. 
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0 Profile 13.0 f t  behind leading edge of reflection plane 
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Figure 6.- Chordwise  pressure  distribution at six spanwise stationa. , . - ."A 
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Figure 16.- Variation of wing lift coefficient with angle of attack. Wing 
with 1.00b/2 drooped-nose f lap deflected bo. 
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F i w e  17.- Variation of wing lift coefficient  with angle of attack. wing 
with 0.50b/2 trailing-edge  flap  deflected 40'. 
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(c) W i n g  with l,OOb/2 trailing- 
edge flap deflected 40'. 
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Figure 22.- Concluded. 
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Figure 23.- Rolling-mment characterist ics due to aileron deflection for  
thp ;dl-span and semispan 4'7.5' sweptback wing. 
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Figure 24.- Effect of 1 g . e  aileron deflection on section lift character- 
i s t l ce  of semlqan 47.5O mptback wing. 
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Figure 25.- Span loading  characteristics of the semispan 47.5' Eweptback 
Xing with a 19.6' aileron deflection. 
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